Adolescent idiopathic scoliosis (AIS) is a three-dimensional deformity of the spine which is usually not symptomatic and which can progress during growth and cause a surface deformity. In adulthood, if the final spinal curvature surpasses a certain critical threshold, the risk of health problems and curve progression is increased. Although surgery is usually recommended for curvatures exceeding 40° to 50° to stop curvature progression, recent reviews have shed some light on the long-term complications of such surgery and to the lack of evidence for such complicated procedures within the scientific literature. Furthermore, a number of patients are very fearful of having surgery and refuse this option or live in countries where specialist scoliosis surgery is not available. Other patients may be unable to afford the cost of specialist scoliosis surgery. For these patients the only choice is an alternative non-surgical treatment option. To examine the impact of different management options in patients with severe AIS, with a focus on trunk balance, progression of scoliosis, cosmetic issues, quality of life, disability, psychological issues, back pain, and adverse effects, at both the shortterm (a few months) and the long-term (over 20 years). We searched CENTRAL, MEDLINE, EMBASE, CINHAL and two other databases up to January 2016 with no language limitations. We also checked the reference lists of relevant articles and conducted an extensive hand search of the grey literature. We searched for randomised controlled trials as well as prospective and retrospective controlled trials comparing spinal fusion surgery with no treatment or conservative treatment in AIS patients with a Cobb angle greater than 40°.
Introduction

Description of the condition
Scoliosis is a complex three-dimensional deformity of the spine that comprises a lateral curvature in the frontal plane (this is a vertical plane that divides the body into front and back halves), thoracic lordosis in the sagittal plane (this is a vertical plane that divides the body into right and left halves) and transverse vertebral rotation, which is produced by rotation of the vertebrae in the transverse plane (horizontal plane); this results in the posterior elevation of the rib cage on the convex side of the curve and a depression on the concave side [1] . These underlying skeletal changes are usually reflected by a change in back shape, the unsightly shape of which is generally more of a concern to the patient than is the underlying skeletal deformity [2] . The condition if left untreated results in altered spinal mechanics and degenerative changes that lead to pain, loss of spinal mobility, and possible loss of function or disability. Cardiac and respiratory dysfunction may also accompany these symptoms, depending on the time of onset of the deformity [2] . These physical changes are accompanied by the psychological consequences resulting from the unsightly and deformed shape of the back: a restricted social life, a lower marriage rate, a higher divorce rate, fewer children per marriage, and increased psychiatric consultations, including eating disorders and increased suicide rate, have all been reported [3] .
Whilst scoliosis can also occur secondary to certain diseases and conditions that affect the nervous and muscular systems of the body. The deformity can be caused by defects in spine formation at the embryo stage, or it can be part of certain syndromes. Very rarely, scoliosis can occur secondary to tumours. However, most cases of scoliosis (80% to 90%) are called 'Idiopathic' because the underlying cause cannot be ascertained. Adolescent idiopathic scoliosis (AIS), which is the most common diagnosis, usually develops during adolescence-a period of rapid growth [4, 5] .
According to the Scoliosis Research Society and the International Society on Scoliosis Orthopaedic Rehabilitation and Treatment [6] , the prevalence of AIS is 2% to 3% in the general population. Almost 10% of patients with AIS will require some form of treatment, and up to 0.1% will eventually require surgery [7] . AIS is more commonly found in females (female/male ratio is around 7:1) and, except for extreme cases, AIS does not typically cause any health problems during growth; however, the resulting surface deformity frequently has a negative impact on adolescents that can give rise to quality of life issues and, in the worst cases, psychological disturbances [8] .
The aetiology or causation of idiopathic scoliosis remains unclear [9] [10] [11] [12] . Many theories on the causes of scoliosis have been proposed, such as the neuromuscular, growth and genetic theories [2] . This sums up all the hypotheses related to the cause of scoliosis as follows: "The normal spine in a growing person has a precise, precarious, delicate mechanical balance. Asymmetrical changes in primary structures, support structures, growth centres, the position of the spine and related neural or muscular components can all result in the development of scoliosis. "
The potential for curve progression has been shown to be related to several factors, including the patient's gender, age, curve magnitude, bone maturity, rate of growth and growth potential at presentation. Dickson et al. [13] demonstrated that when curves of 10° Cobb and above were considered, the female-to-male ratio was 1.6:1. The Cobb angle is a method of measuring the angle of the spine that was devised by a surgeon named Cobb [7] . This value increased to 12:1 when curves greater than 20° Cobb were considered. Female-to-male ratios for treatment were reported at 7:1 [14] . Moreover, when combining curves of all magnitudes, Lonstein and Carlson [15] found a negative correlation of age with the percentage incidence of progression. This means that the younger the child at presentation, the greater is the likelihood of progression. The same negative correlation is shown with the Risser sign. This measures how much mature bone has developed (ossification) in the upper rim of the pelvis (iliac crest). The greater the maturity of the child, the greater is the Risser sign. A low Risser sign indicates that greater potential for growth is left, and consequently the potential for curve progression is greater [7, 16] . Curve magnitude, however, was found to have a positive correlation with the percentage incidence of progression. Thus, the greater the magnitude of the curve at presentation, the greater is the potential for progression.
Other factors taken into consideration when growth potential is determined are the changes in secondary sexual characteristics that take place during the growth spurt. Different results have been reported on the progression of various curve patterns. For example, Clarisse [17] and Fustier [18] reported that double curves progressed most in their studies, with an incidence of 67% and 75%, respectively. Conversely, Bunnell [19] and Lonstein and Carlson [15] reported that thoracic curves were most progressive. All authors, however, demonstrated that lumbar curves progressed least. Other parameters of prognostic value include apical vertebral rotation [20, 21] and the rib vertebral angle [22] . When potential for curve progression is assessed, no single factor is taken in isolation, but all factors are taken into account in attempts to predict the likelihood for progression and make a treatment decision. Depending on the age of the individual at diagnosis, scoliosis evolves and may deteriorate rapidly during periods of fast growth spurt [23] [24] [25] . Whilst children grow until they have fully matured, growth is more rapid (growth spurt) during certain periods of childhood and adolescence [26] .
Early diagnosis is difficult, especially in countries where scoliosis school screening is not implemented, as this condition is most often painless. External change to the body shape is minimal in the early stages and most changes in back shape occur predominantly on the back of the trunk, which makes it difficult for patients to see, and it can be concealed by their clothing [27] . Treatment of idiopathic scoliosis is determined by the deformity itself. As most patients with AIS progress during growth, the main aims of all interventions are to limit or stop the curvature progression, restore trunk balance [23, 24] and prevent the long-term consequences of the deformity.
Description of the interventions
Interventions for the prevention of AIS progression include scoliosis-specific exercises, bracing and surgery [28] [29] [30] [31] , and other interventions have been reported in the literature. The goals of all interventions are to correct the deformity and prevent further deterioration of the curve (i.e., prevent progression) and to restore trunk asymmetry and balance, while minimising morbidity and pain, allowing return to full function [7, 16] .
Treatment approaches adopted by various orthopaedic surgeons and physicians specialising in the field of scoliosis around the world are divided, indicating lack of clinical equipoise across different professions and countries. In general, these approaches can be split grossly into two opposing groups. The first group consists of those who regard scoliosis-specific exercises as inefficient; members of the second group use these exercises and advocate their efficacy [30, 32] . Similarly, bracing has been abandoned by some [33] , but others support its use on the basis of existing weak evidence about efficacy [34] ; fusion is generally considered to be necessary when AIS exceeds a certain degree (approximately 45° to 50°), when previous treatments have failed or when AIS causes symptoms, but indications vary widely according to the preference of the treating physician/surgeon [33] .
These two conflicting approaches to conservative management (nonsurgical vs. surgical approaches) seem to prevail in different regions of the world. In the United States, the United Kingdom, and Australia, the wait-andsee strategy prevails, but in various parts of continental Europe and Eastern and Southern Europe, conservative treatment (scoliosis-specific exercises and bracing) is considered beneficial for the patient and is used routinely by a large majority of scoliosis physicians and surgeons [29] [30] [31] . Scoliosis-specific exercises consist of individually adapted exercises that are taught to patients in a centre that is dedicated to scoliosis treatment. Patients learn an exercise protocol that is personalized according to their own medical and physiotherapeutic evaluation. On the other hand, usual generalised physiotherapy is more generic, consisting of low-impact stretching and strengthening activities like yoga, pilates or tai chi (taiji), but it can include many different exercise protocols. Whilst scoliosis-specific exercises are usually used for treating mild curves of less than 25° to 30°, they are also used frequently with braces for curves over this threshold. No side-effects of exercise are known, except for muscle soreness that can be felt if the intensity of exercise is too great [31] .
Bracing is defined as the application of external supports to the trunk; these are usually rigid and are applied with the aim of achieving maximum correction of the pathological curve [35] . Treatment commences when the curve is diagnosed as progressive, or when it exceeds a threshold of 30° Cobb angle [7, 30, 31] . Braces generally need to be worn for a considerable period of time per day (at least 20 hours), the treatment extending over several years until the end of bone growth, which usually occurs at 16 years of age for girls and 18 years of age for boys [36] . This causes a significant negative impact on the lives of children and adolescents [37] [38] [39] . Other conservative management strategies can be found in the literature: shoe insoles, electrotherapy and chiropractic treatment have all been reported. However, to date, there is a dearth of evidence for the effectiveness of these forms of therapy.
With regard to surgical interventions, a large multitude and variety are described in the literature [40] . These include different operative approaches (anterior, posterior, or combined) and many types of metal implants. The sophistication of spinal implants has grown rapidly in the past 10 to 15 years. Modern operative techniques follow principles of segmental spinal instrumentation (this means that each vertebra of the spine is attached to a metal rod, wires, or screws), and both anterior and posterior implants (operative rods, wires, or screws) are now available. Segmental instrumentation (with hooks or screws) can control sagittal and frontal plane correction in both lumbar and thoracic curves. In contrast to Harrington instrumentation, introduced in the 1960s [41] , segmental instrumentation allows early mobilization of patients, thereby eliminating the need for postoperative casts and braces which were used in the past [1] . This type of surgery also reduces the risk of potential neurological complications due to distraction forces (these are forces applied to a body part to separate bony fragments or joint surfaces) that were applied with the Harrington instrumentation [41] .
Countless studies have been published in the literature comparing different approaches to the spine (anterior, posterior or combined) and using various types of implants. A single threaded rod inserted through an anterior approach (from the front of the spine) was initially developed by Zielke, but this technique had a reported incidence of rod breakage as high as 31% [42] . Further development of instrumentation resulted in the use of a double rod technique, such as Kaneda or Cotrel-Dubousset-Hopf, which prevented rod breakage but had the disadvantage of increasing the construct rigidity and favouring screw breakouts [43] . A further advantage was represented by a lower reoperation rate in double rod fixation (0%) reported by Muschik et al. [44] as compared with single rod fixation (10%) [42] . The anterior approach is desirable because it can reliably correct curvature yet save the vertebral levels instrumented in lumbar or thoracolumbar curves [45, 46] . However, if appropriate consideration is not given to planning and fusing the correct segments (i.e., to neutral and stable vertebrae), this can lead to curve progression and disc degeneration postoperatively [47] . Unfortunately, with the anterior approach to surgery, there is a risk of potential trauma to the diaphragm and major abdominal organs. This type of surgery can also affect pulmonary function. If a patient has multiple curves, posterior fusion can achieve good correction and obviate the risks of anterior surgery [16] . The anterior approach also predisposes to a negative effect on pulmonary function for up to five years postoperatively [48] ; therefore, some surgeons prefer a video-assisted thoracoscopy followed by posterior instrumentation, which allows them adequate spinal access but reduces the adverse effects on pulmonary function [49] .
Luhmann et al. [50] suggested that instrumentation through a posterior approach (approaching surgery from the back of the spine) was as efficient as a combined anterior and posterior approach, but the former (posterior approach) eliminated the negative effect on pulmonary function. In other words, approaching the operative procedure from the back rather than from the front reduces the risks associated with deflating the lungs during the operative procedure [51] . A significant variety of implants and approaches to operative treatment of the spine are available, but double rod posterior instrumentation seems to have become the preferred operative intervention in cases where progression of scoliosis cannot be stopped by conservative treatment. All types of spinal fusion surgery are associated with significant risk both in the short term and in the long term. The short-term risk for spinal fusion surgery is estimated to be approximately 5%, while long-term risks over a lifetime are estimated to exceed 50% [52] , with reoperation rates ranging from 6% to 20% [24] . However, reoperation rates may be very high (up to 50%) with the use of more recent instrumentation such as Cotrel-Debusset (CD) instrumentation [53] .
How the interventions might work
Scoliosis-specific exercises can be used in three main clinical scenarios: (1) the sole use of exercise as the primary treatment of AIS for mild curves, (2) in conjunction with braces for moderate curves, and (3) during adulthood if the scoliosis curves exceed certain thresholds [54] . In the treatment of mild scoliosis, scoliosis-specific exercises can be used on curves greater than 10° to 15° but less than 25° or 30° Cobb. These intense three-dimensional spine and rib cage specific exercises are used to try to limit the progression of the curve and thereby avoid the use of a brace. This critical Cobb angle is generally regarded as the threshold for brace prescription [7, 55] . In mild scoliosis cases for which exercise is prescribed, exercise is used predominantly according to the recommendations made by the Society on Scoliosis Orthopaedic and Rehabilitation Treatment (SOSORT)" [6] . The key objectives of physical exercise in mild cases of AIS include stabilisation of the spine combined with three-dimensional auto-correction of the pelvis, rib cage, and shoulders in combination with isometric muscle contractions [54, 55] .
Whilst scoliosis-specific exercises use internal corrective forces (i.e., muscles), braces use external corrective forces to correct the trunk; this is usually achieved with the use of rigid supports. However, some braces (called soft braces) are made of material similar to elastic bands and comparable with materials used in physical therapy treatments [35, 56] . The mechanical forces of the brace are used to straighten the spine and derotate the pelvis and shoulders to bring the whole body into normal alignment. Negrini et al. [57] state that the external and proprioceptive inputs due to bracing change the unnatural loading on the spine and rib cage, decrease asymmetrical movements and improve neuromuscular control; this facilitates proper spinal growth, neuromotor reorganization and changes in motor behaviours [34, [58] [59] [60] [61] [62] [63] [64] [65] . Although it has been reported in the literature that some braces can be uncomfortable to wear, especially for long periods, uncomfortable braces generally are a result of poor workmanship. Carefully crafted braces are however generally easily tolerated. Further, if bracing is not combined with scoliosis-specific exercises, weakening of the back muscles may occur.With regard to operative treatment of the scoliotic spine, the two main approaches discussed previously (anterior and posterior) aim to correct the spinal curvature (reduction of the Cobb angle) and fuse the spine with the help of bone grafts that allow the spine to heal to a solid and stable bone fusion mass (spinal fusion), supported by the instrumentation [66] . Posterior spinal fusion with instrumentation and bone grafting is performed through the patient's back while the patient lies on his or her stomach.
During scoliosis surgery, the surgeon attaches a metal rod onto the spinal curvature (one or both sides-this varies according on the type of instrumentation and procedure used) by using hooks or screws attached to the vertebral bodies [67] . Bony fusion of the spine is achieved by using bone graft usually taken from the patient (autograft) and/or artificial bone substitutes. This promotes bony ingrowth between the vertebrae and causes the spine to fuse and behave as a solid rod. The metal rods attached to the spine ensure that curve correction is maintained while bony spinal fusion occurs.
Why it is important to do this review
A literature search identified only three systematic reviews on this topic. The two reviews by Weis and Goodall and Weiss et al did not include full methodological appraisals of the quality of included studies [68, 69] and the third Cochrane review entitled `Surgical versus nonsurgical interventions in people with AIS published in 2015 included only prospective studies with a control group and did not include any retrospective studies. A systematic review including all types of evidence with the inclusion of retrospective studies with a control group is urgently needed. From a patient and parent's perspective any spinal surgical intervention is often considered as a last option due to the fear and anxiety of having surgery. Additionally, numerous patients may have no choice but to either have no treatment or to have some form of nonsurgical intervention. This occurs primarily in patients living in developed countries who may not be able to afford the costs as well as for patients in developing countries where specialist scoliosis surgery is not available. It is very important for all patients and their parents who are considering surgery for severe curves in AIS, to know the short and long term outcomes of all treatment options (both surgical and nonsurgical). Being fully informed of all the short and long term outcomes as well as the complications and side effects for all current treatments approaches would significantly help service users and carers make fully informed decisions that are most suited to their child`s specific scoliosis curve and quality of life.
The objective of this review was to evaluate and compare changes in trunk balance, progression of scoliosis, cosmetic issues, quality of life, disability, psychological issues and back pain, as well as adverse effects for severe curves (>40°) with both operative and nonoperative interventions provided in the short term (a few months) as well as in the long term (over 20 years).
Materials and Methods
Criteria for considering studies for this review
1) Types of studies
For the primary analysis we planned to combine the results of randomised control trials (RCTs) and quasirandomised control trials (QRCTs). We also planned to include both prospective and retrospective non-randomized studies (NRSs) with a control group because it was anticipated that very few RCTs would be found. We planned to include primary studies that compared operative interventions with non-operative interventions or no interventions (i.e., observation). We planned to exclude studies comparing non-operative methods alone (e.g., bracing vs. scoliosis-specific exercises) as two other Cochrane reviews cover these questions [54, 57] .
2) Types of participants We planned to include patients with AIS who were diagnosed and managed between 10 and 18 years of age, with a Cobb angle greater than 40° (Scoliosis Research Society Guidance; accessed April 2015). We excluded any studies on participants with early-onset scoliosis (infant or juvenile) and scoliosis secondary to other conditions.
3) Types of interventions
We included all types of instrumented operative interventions with fusion aimed to provide curve correction and spine stabilisation. We excluded studies describing noninstrumented spinal correction and fusion because it has been shown that they do not provide any better outcome than is seen with untreated scoliosis [1] . We planned to compare instrumented operative interventions with different types of non-operative treatments, such as scoliosisspecific exercises, bracing, physiotherapy, chiropractic treatment, electrical stimulation and other non-operative interventions, as well as no treatment controls (i.e., observation).
4) Types of outcome measures
We examined outcomes (primary and secondary) measured in the immediate term (perioperative to 6 weeks postoperative), the short term (results at the end of bone growth), within 2 years, and over the long term (results in adulthood and in old age). The search strategy combined the study design filter for observational studies adapted from the Scottish Intercollegiate Guidelines Network with the usual Cochrane RCT filter, so that all study designs were captured by the search. The study design terms were combined with blocks of search terms for the disorder and the interventions. The strategy included subject headings (e.g., MeSH) and was adapted for the other databases (Appendices 1, 2).
2) Searching other resources
The following strategies were also used.
- 3) Process of selection of research papers We first developed a study selection form on the basis of the inclusion criteria. This was piloted and tested for both intra-observer and inter-observer reliability by two review authors, who then independently screened the search results by reading the titles and abstracts. Potentially relevant studies were obtained in full text, and once again they were independently assessed for inclusion by two review authors, who resolved any disagreement through discussion. A third review author was contacted if disagreements persisted. If a review author was also the author of a paper, another review author who had not authored any of the papers undertook the selection.
We did not select any papers before 1980 because research done on older instrumentation may not be relevant. Although clear advances in the materials and the design of spinal instrumentation have been made since 1980, the surgical approach and training may still be the same.
We did not find any relevant prospective RCTs, QRCTs, or NRSs with a control group. We found 10 retrospective studies, 9 of them could not be included because the patients in the comparative brace group had curves of less than 40° at the beginning of treatment. Only one very recent study (abstract) by Ward et al. [78] met the full inclusion criteria. However as the full manuscript has not as yet been published we were unable to evaluate the methodological quality of the paper. As such, we were unable to carry out most of the pre-stated methodology.
4) Assessment of risk of bias in included studies
It was planned that the risk of bias for both randomised studies and NRSs would be assessed using the criteria recommended by the Cochrane Back Review Group [79, 80] , together with items from the Downs and Black [81] checklist, as outlined in Appendix 3. These criteria fall into five bias categories: selection bias, performance bias, attrition bias, detection bias and selective outcome reporting. The "assessment of risk of bias" form was piloted and tested for intra-observer and inter-observer reliability. It was planned that two review authors would independently assess the internal validity of the included studies. Any disagreement between the review authors was resolved by discussion; a third independent review author was consulted if disagreements persisted. We had also planned to blind the risk of bias assessment to trial authors, institution and journal and to score the risk of bias criteria as high, low or unclear and reported these ratings in the "risk of bias" table. We then rated the overall extent of risk of bias within each bias category (e.g., performance bias) as "Bias" or "No bias. "
Whilst it was difficult to provide an exhaustive list of all possible confounding variables at the start of the review, the review authors have experience in this field and were aware of most of the potential confounding variables that could occur when different treatment groups are compared. These may have included, for instance, demographic variables such as age, Risser sign (bone maturity), curve location and curve magnitude.
In regard to grading the quality of the evidence, we had planned to downgrade evidence from studies judged "no bias" for all five categories. Evidence would have been downgraded (-1 point) when 3 or fewer categories for each study were judged to have bias. Evidence would have been downgraded by -2 points when four or more categories for each study were judged to have bias.
5) Data extraction and management
We performed the review following the recommendations of the Cochrane Handbook for Systematic Reviews of Interventions [80] . We had planned to do the following: to prepare a standardized data extraction form on the basis of all the inclusion criteria, which two authors would have piloted and tested for intra-and inter-observer reliability, and then used the form independently to extract data from the included papers; extracted raw data, including information about the study design (RCT, QRCT, prospective and retrospective controlled cohort study), study characteristics (country, recruitment modality, study funding, risk of bias) and participant characteristics (number of participants, age, sex, severity of scoliosis at baseline) as well as a description of experimental and comparison interventions, co-interventions, adverse effects, duration of follow-up, outcomes assessed and results, as well as any adverse effects. If a review author had been the author of a paper, another review author would have undertaken the data extraction process. Any disagreements were discussed with a third review author.
6) Data synthesis
The plan for the data synthesis was as follows: the results from clinically comparable trials would have been described qualitatively in the text. Regardless of whether sufficient data was available for the use of quantitative analyses to summarise the data, we would have assessed the overall quality of the evidence for each outcome. To accomplish this, we would have used the GRADE approach, as recommended in the Cochrane Handbook for Systematic Reviews of Interventions [80] and adapted in the updated Cochrane Back Review Group method guidelines [79] . Factors that would have decreased the quality of the evidence included the study design and risk of bias (all were retrospective studies and therefore all has a high risk of bias), inconsistency of results, indirectness (not generalisable), imprecision (sparse data) and other factors (e.g., reporting bias). The quality of the evidence for a specific outcome would have been reduced by a level, according to the performance of the studies against these five factors.
High-quality evidence: Consistent findings noted among at least 75% of RCTs with low risk of bias; consistent, direct and precise data and no known or suspected publication biases. Further research is unlikely to change the estimate or our confidence in the results.
Moderate-quality evidence: One of the domains not being met. Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low-quality evidence: Two of the domains not being met. Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low-quality evidence: Three of the domains not met. We are very uncertain about the results. No evidence: No studies were identified that addressed this outcome.
Results
Description of included studies
Our search of databases identified 4798 records. After screening the records, we only found one paper by Ward et al. [78] that fully met our inclusion criteria (Fig. 1) . We also found 9 articles that very closely met our criteria (Table 1) [78, [82] [83] [84] [85] [86] [87] [88] [89] [90] . In these papers the initial Cobb angles in the surgically (over 40° Cobb) and non-surgically (less than 40° Cobb) treated groups at the initial hospital visit differed and the non-surgically treated (ST) group did not meet the criteria of having a scoliosis curve of 40° or over at initial visit. In addition 6 of these papers were conducted on the same patient cohort with different outcomes reported within 6 different papers. All were retrospective cohort studies with a control group or retrospective case studies with a control group. There were no prospective studies with a control group.
Risk of bias
All ten studies we found were retrospective studies with a control/comparison group and consequently this research design has a high risk of bias.
Effects of interventions
We only identified one retrospective study [78] with a comparison group that fully met our inclusion criteria but still for this study we couldn't appraise the full paper as we only had the abstract. Ward et al. [78] stated in his paper that "The similarity in SRS 22r scores between nonoperated and operated groups implies a limited benefit of surgery" for patients with AIS who had severe curves (>40°). Surgery is often recommended when curves exceed 40°. Since 2000, Ward et al. [78] states that "surgical candidates have been counselled in a manner that did not bias them toward surgery. " In this study the non-operative group of 141 AIS patient (with curves >40°) was compared with patients (n=197) who had surgical intervention. X-rays and SRS 22r scores were compared between the groups. Results: For the non-operative group the average age at follow up was 23.9±5.2 years (range, 18-39 *Please note that papers [84] [85] [86] [87] [88] [89] were conducted on the same population group but with different outcome measures reported in different papers. years), time since curve was 8.1±4.6 years (range, 0.5-19 years), and Cobb angle 50°±7° (range, 40°-72°). For 183 cases operated at an age <18 years the average preoperative Cobb angle was 60°±11° versus 64°±14° for 14 cases operated after age 18. The non-operative group showed no statistical differences from the operative groups for Pain, Function, and Mental Health domains. Statistically signifi-cant improvement (p<0.05) was found for total average SRS 22r score and self-image in the <18-yearold operated group and for satisfaction in both operated groups. However when published minimal clinically important difference values for selected SRS 22r domains are considered no comparison showed a conclusive clinical difference. So the improvements in SRS 22r scores for AIS patients following surgery are small and probably clinically insignificant. Alternative non-surgical approaches for AIS was recommended.
Discussion
Summary of main results
As stated above we only identified one retrospective study (abstract) with a comparison group that fully met our inclusion criteria. This study was presented by Ward et al. [78] at the latest SRS meeting in September 2015. Ward et al. [78] state in his paper that "the similarity in SRS 22r scores between non-operated and operated groups implies a limited benefit of surgery" for patients with AIS who had severe curves (>40°). We also identified nine retrospective studies with a comparison/control group that nearly met all our stated criteria with the exception that the braced group in these studies at initial treatment had a Cobb angle less than 40° (see comment above).
Overall completeness and applicability of evidence
There is currently only one study non-randomized trialbased evidence from a retrospective study with a control group. As discussed above this review also found an additional 9 retrospective studies with a control group that nearly met the proposed inclusion criteria. Whilst we acknowledge that the nine retrospective studies found are considerably biased and the intervention groups within these studies had different initial Cobb angles, we believe that this review provides important information for patients and their families who are afraid of, refuse or cannot afford surgery when their curve reaches 40° or above. We also believe that this review provides important information regarding research gaps in this field. The participants were patients with AIS who were diagnosed and managed between the ages of 10 and 18 years of age with severe curves of over 40°. Studies on participants with earlyonset scoliosis (infant or juvenile) or scoliosis secondary to other conditions were excluded.
Our literature search yielded no prospective randomized or non-randomised controlled studies comparing operative interventions to non-operative ones, which is consistent with previously published reviews on this topic [68, 69] . The 9 retrospective studies with a control group [68, 69, [85] [86] [87] [88] [89] [90] [91] showed some differences between operative and non-operative groups in the short term, yet no significant differences were found in the long to very long term (20-25 years) .
Retrospective studies are considered to have a much weaker research design leading to a much poorer quality research study. These studies are less expensive and are usually of much shorter duration (than prospective cohorts). They also require large sample sizes. Rare outcomes are difficult to study and there is much less control over subject selection and measurements. Crucially the risk for confounding variables and therefore error is also very high in this type of research design.
Patient outcomes in the short-term (up to 1 year)
1) Health Related Quality of Life outcomes Bunge et al. [90] reported that short-term differences over approximately 10 months between Health Related Quality of Life outcomes (HRQoL) outcomes in surgically and non-ST AIS patients were negligible and could not support preference of one treatment above the other. This study was a cross-sectional analysis of the HRQoL of 109 patients with AIS who, after completing treatment, filled out the Dutch SRS-22 Patient Questionnaire. All patients had been treated either with a brace or surgery, or with a brace followed by surgery. Further scrutiny of the paper however revealed that ST patients had a better score in the "satisfaction with treatment" domain than BT patients; however, with modern braces this result may now be different. The recent developments of asymmetric high correction braces have a higher rate of success than the Boston brace [92] [93] [94] . Furthermore, it is important to consider that short-term results do not provide results for postoperative complications and side-effects, which may be revealed in the longer term. No other consistent differences in HRQoL were found between patients treated with a brace and patients treated surgically. Gender, curve type and curve size had no relevant effect on HRQoL.
Patient outcomes in the mid-term (approximately less than10 years after surgery or end of bracing)
1) Activities of daily living and back pain In a study of patient outcomes measured approximately 10 years after treatment for AIS, Andersen et al. [83] reported a generally high level of activities of daily living and found no significant differences between brace treated (BT) and ST patients. A total of 215 consecutive patients treated either by bracing or surgery received a questionnaire. The main topics of the questionnaire included patient demographics, back pain, activities of daily living. A total of 181 patients replied. The mean age at follow-up was 26.0 years. The level of back or leg pain was relatively low, though the BT patients had more pain than their ST peers. Compared with age-matched healthy controls, the SF-36 scores were lower in the AIS patients. Brace related questions revealed a significant impact of the disease and the treatment on the patients' lives. The patients also had moderately reduced perceived health status and activities of daily living, and increased pain with the ST patients generally at a better level than the BT. In a very recent study Ward et al. [78] as described above, evaluated the SRS 22r Health related quality of life scores in non-operated AIS patients with curves of over 40° and compared them to those of patients who had been operated. The authors found that "the similarity in SRS 22r scores between non-operated and operated groups" implies a limited benefit of surgery. " Ward et al. [78] state that the natural history of scoliosis is relatively benign. However, surgery is often recommended when curves exceed 40°. Since 2000, his surgical patients were counselled in a manner that did not bias them toward surgery. The non-operative group showed no statistical differences from the operative groups for Pain, Function, and Mental Health domains. Ward et al. [78] concluded that improvements in SRS 22r scores for AIS patients following surgery are small and probably clinically insignificant. The authors also suggested that alternative nonsurgical approaches for AIS should be considered.
Patient outcomes in the longer term (approximately 20 years after surgery or end of bracing)
The following 6 studies [82] [83] [84] [85] [86] [87] [88] reported on a number of different patient outcomes from what appear to be the same cohort of patients. These patients were treated between 1968 and 1977 and before the age of 21, either with distraction and fusion using Harrington rods or with a brace and who were followed for at least 20 years after completion of their treatment. were excluded due to progressive neurological disease and 2 were deceased. The total follow-up was 170 patients (83 %), and the average follow up was 24.5 years (22-30 years). SRS22R domain scores were within the range described as normal for the general population with no statistical difference between the groups except in the satisfaction domain, where the PSF group had better scores than the braced group. The SF36 pain catastrophizing scale and mental health component scores in both AIS cohorts were similar to the scores for the general population. The authors concluded that HRQoLs, as measured by the SRS22R and SF-36, of adult AIS patients treated with Boston brace or PSF during adolescence were similar to the general population. No clinical progression of the deformity has been detected during the 25-year follow up period. The PSF group had a small but statistically significant higher score in the satisfaction domain compared to the braced group. Danielsson et al. [86] also reported in 2001 on the health-related quality of life in patients with AIS at least 20 years after treatment with brace or surgery. Ninety-four percent of the ST patients and 91% of BT patients filled in a questionnaire comprising four different validated patient reported outcome measures (the SF-36, Psychological General Well-Being Index=, Oswestry Disability Back Pain Questionnaire, parts of SRS/MO-DEM'S questionnaire) as well as study-specific questions concerning the treatment, as part of an unbiased personal follow-up examination including radiography and clinical examination. An age and sex-matched control group of 100 participants without scoliosis was randomly selected and subjected to the same examinations. The results showed no differences in terms of socio-demographic data between the groups. Both ST and BT patients had slightly reduced physical function compared to the nonscoliosis controls. Neither of the mental health questionnaires showed any significant differences between the groups. A significantly greater number of the ST group (49% of ST, 34% of BT and 15% of controls) admitted limitation of social activities due to their back mostly due to difficulties with physical participation in activities or self-consciousness about appearance. Pain was a minor reason for limitation. No correlation was found between the outcome scores and curve size after treatment, curve type, total treatment time or age at completed treatment. Patients treated for AIS were found to have approximately the same HRQoL as the general population. A minority of the patients (4%) had severely decreased psychological well-being, and a few (1.5%) were severely physically disabled due to the back.
2) Radiological findings and curve progression 20 years or more after treatment Danielsson and Nachemson [84] also reported on the radiological findings and curve progression 22 years after treatment, in which 252 patients attended a clinical and radiological follow-up assessment by an unbiased observer (91% of the ST and 87% of the BT patients). This evaluation included chart reviews, validated questionnaires, clinical examination, and full-length standing frontal and lateral X-rays. The occurrence of any degenerative changes or other complications was noted. The deterioration of the curves was 3.5° for all the ST curves and 7.9° for all the brace-treated curves. Although the results were statistically significant, it should be highlighted that a difference of only 4° in Cobb angle is reported between the two groups. This difference is well within the margin of error for Cobb angle measurement (the measurement error is reported to be 5°). Having said this, the overall complication rate after surgery was low: pseudarthrosis occurred in three patients, and flat back syndrome developed in four patients. Eight of the patients treated with fusion (5.1%) had undergone some additional curve-related operative procedure. The lumbar lordosis was less in the ST than in the BT patients or the control group (mean, 33° vs. 45° and 44°, respectively). A decreased lumbar lordosis compared to normal lordosis can be indicative of back pain in future. Both ST and BT patients had more degenerative disc changes than the non-scoliosis control participants but no significant differences were found between the scoliosis groups.
3) Marital status, child bearing, number of children and low back pain over 20 years after treatment Further Danielsson and Nachemson [87] reported that patients who had borne children and were sexually active appeared to function well with regard to marital status, number of children and low back pain. No statistically significant differences were found between the BT versus ST subjects. The limitations were largely because of the difficulties in participating in physical activities or self-consciousness about appearance. Pain was a minor reason for limitation. There was no correlation between progression of the major or lumbar curve and number of pregnancies, or between curve progression and age at first pregnancy. The scoliosis curve did not seem to increase as a result of childbearing and only minor problems occurred during pregnancy and delivery. Some patients, however, experienced a slight negative effect in their sexual life. The mean age for all the groups was 40 years. Of the ST and BT women, 85% were or had been married, as compared with 82% of the non-scoliosis control women. In the total cohort, 628 pregnancies had occurred. No significant mean difference existed between the groups in the number of children born (1.8 for the ST, 1.9 for the BT, and 2 for the control women). The age for the ST women (26.6 years) did not differ significantly from that for the BT women. There were no significant differences between the groups in rates for low back pain (35% for the ST, 43% for the BT, and 28% for the control group) or for caesarean section (19% for the ST, 14% for the BT, and 18% for the normal control group) during the first pregnancy. The rate of vacuum extractions was higher in the ST group (16%) than in the control group (5%) or the BT group (8%). Limitation of sexual function from the back was admitted by 33% of the ST, 28% of the BT, and 15% of the control women.
4) Function and pain 20 years after treatment
Danielsson and Naachemson [87] also reported minimal pain and no dysfunction compared with normal controls 22 years after brace or operative treatment for AIS. Compared with ST patients, no significant differences were found except that BT patients experienced more affective components of their pain. Lumbar and thoracic back pain, although mild was significantly more frequent among the patients than the normal controls. Only 24% of the patients admitted daily pain and painkillers were sparsely used. The patients had a slightly, but significantly, worse back function as measured by the Oswestry disability index and general function score but general healthrelated quality of life was not affected. No differences could be seen in socio-demographic variables between the groups, except for having "ever been on sick leave because of the back. " Furthermore, no differences could be found between patients with different curve types. No correlation could be found between pain and its localisation and curve size, an increase of at least 10° since end of treatment, curve type, degenerative changes on any of the two lowest lumbar disc levels, body mass index, or smoking. 5) Spinal mobility and muscle endurance 20 years after treatment For both BT and ST AIS patients, spinal mobility and muscle endurance were reduced more than 20 years after completed treatment [88] . Physical function was not severely restricted. For both ST and BT groups, lumbar spinal motion as well as muscle endurance was significantly decreased compared with healthy controls. For ST patients, better lumbar extensor and flexor muscle endurance or lumbar spinal mobility correlated with a better physical function. The length of fusion into the lumbar spine correlated inversely with lumbar range of motion, but the finger tip to floor distance was not affected (this is most probably because the patients may have overcompensated by increased flexion occurring at the hips rather than at the lumbar spine). BT patients with reduced lumbar spinal mobility experienced lumbar back pain more often than healthy controls. 6) Pulmonary function 20 years or more after treatment Finally patients treated by posterior fusion or a brace gradually increased their pulmonary function up to 25 years after treatment [89] . Smoking and curve size were not found to be risk factors for reduced pulmonary function and vital capacity (VC) increased from 67% immediately before surgery to 73% after surgery and to 84% at the long term follow up. In BT patients VC increased from 77% before treatment to 89%, 25 years after start of the treatment. The mean Cobb angles at the follow up study were 40° in both ST and BT patients. The authors stated that these results of lung volumes did not correlate with pre-treatment or post-treatment Cobb angles or smoking habits.
Evidence from other AIS studies in the literature
As stated previously, complications can include any adverse effects such as blood loss, pseud-arthrosis (a false joint where the bone has not healed adequately), deep wound infection, neurological complications, delayed Infections, pedicle screw misplacement, delayed paraparesis (weakness or partial paralysis in the lower limbs), loss of normal spinal function and decompensation (spinal imbalance) and increased spinal deformity.
The recent study on the long-term effects of CD dorsal double rod instrumentation [53] where long-term risks over a lifetime were very high and thought to exceed 50% [68] must be viewed with caution. Furthermore many issues (e.g., metallosis) may not as yet have been investigated, and later in life and into old age various problems could occur, which may not necessarily be attributed to spinal fusion surgery [95] . In a recent article, the problem of "metallosis" has been described. This is described as the deposition and build-up of metal debris in the soft tissues of the body. The consequences of the findings of "metallosis" are not yet clear [91] . It is for these reasons that a dialogue is essential and must be in keeping with the goal that treatments should always incur the least potential harm and maximum potential benefit in both the short and long term [96] Indeed the findings of a relatively recent study published in 2011 put forward by Westrick and Ward [97] support our findings and also reported that "no long-term, prospective controlled studies exist to support the hypothesis that operative intervention for AIS is superior to non-operative interventions or natural history. " Whilst surgery does reliably arrest the progression of deformity, achieves permanent correction in the frontal plane Cobb angle, and improves appearance, there is no medical organic necessity for surgery based on the current body of literature.
Furthermore research from Weinstein et al.'s [98] seminal work in 2003, in what is perhaps the field's best known study on the natural history of untreated adults with scoliosis, found that patients with "late onset AIS (LIS) are still productive and functional to a high level at a 50-year follow-up. " Indeed Weinstein states in his paper that "untreated LIS causes little physical impairment other than back pain and cosmetic concerns. " With regards to the current effectiveness of non-operative interventions, two recent Cochrane reviews, one on the effectiveness of Braces [57] on AIS and the other on the effectiveness of scoliosis-specific exercises [54] on AIS have both reported low to very low quality evidence for their effectiveness. Further 2 very recent RCT`s reported by Weinstein [99] and Monticone et al. [100] have shown that both Braces and Physiotherapy based scoliosis-specific exercises were significantly effective in treating AIS patients with mild and moderate curves.
Weinstein [99] found that bracing significantly decreased the progression of high-risk curves to the threshold for surgery in patients with AIS and that the benefit increased with longer hours of brace wear. Monticone et al. [100] and many others [101] [102] [103] [104] [105] reported that an RCT of scoliosis-specific exercises including active self-correction and task-oriented exercises reduce spinal deformity and improve quality of life in subjects with mild AIS. The programme of active self-correction and task-oriented exercises was superior to traditional non scoliosis-specific exercises in reducing spinal deformities and enhancing the HRQoL in patients with mild AIS. The effects lasted for at least 1 year after the intervention ended.
In the field of AIS most physicians, surgeons, physical therapists and other allied health professionals would agree that there are still many unknowns. Few 'ideal' treatment protocols exist for the patients suffering from scoliosis, especially from the perspective of the adolescent patient and his/her parents. Moramarco [96] suggests that full disclosure about the potential unknowns of surgery in the short and long term should be mandatory so families may weigh the myriad of unknowns against the perceived benefits of surgery and enable them to make fully informed decisions based on current evidence together with the Health care professional, that is best for their daughter or son.
As stated previously all types of spinal fusion surgery are associated with significant risk both in the short term and in the long term. The short-term risk for spinal fusion surgery is estimated to be approximately 5%, while longterm risks over a lifetime are estimated to exceed 50% [68] , with re-operation rates ranging from 6% to 20% [76] . However, re-operation rates may be very high (up to 50%) with the use of more recent instrumentation such as CD instrumentation [53] .
Considering the above, it would be reasonable to argue that, non-operative interventions and/or other exercise intervention protocols should be considered first when the curve is still small and surgery should only be considered when non-operative interventions have been shown not to work. In addition, clinicians should also provide full disclosure of the lack of long term scientific evidence for surgery and the possible long-term consequences and complications that may arise, to the patients and their relatives. This also raises an awareness of lack of scientific developments in patient-specific interventions within the clinical management of scoliosis. There is a clear need for inter-professional working between surgeons, orthotists, physical therapists and other health care professionals to develop new and effective clinical management procedures that benefits the patient and improves the socioeconomic impact.
In summary we can conclude that there is only 1 retrospective controlled abstract was available for comparing operative to non-operative interventions where their results concludes that there is no difference between surgical and non-surgical management of AIS patients. Also consideration should be given to the fact that current and recent evidence by Mueller and Gluch [53] suggests that the re-operation rate for some types of instrumentation currently used in clinical practice is low in the very short term but may be as high as 50% in the long-term and over a life-time.
Implications for Practice
Adolescents with idiopathic scoliosis and their parents/ care-givers and relatives
There is a clear lack of evidence for both the short and long term effectiveness of operative over non-operative management. Considering the fact that surgery is a huge decision both for young teenagers as well as their parents, the lack of both short and long term outcomes in this area prevents service users from making decisions on treat-ment based on high quality evidence. Those interested may wish to promote high quality studies in this area.
Clinicians
Despite thousands of studies currently available in the area of the operative effectiveness on AIS nothing is as yet available comparing the 2 main methods of treatment. It would appear that clinicians have no choice but to continue with their current practices using clinical judgement because of the lack of both randomised as well as prospective controlled evidence to help guide their choice of intervention. Clinicians have the responsibility to promote as well as help support and conduct high quality research in this area.
Policy makers
Policy makers today have randomised evidence for bracing and scoliosis-specific exercises only, upon which to base guidelines for the management of adolescents with idiopathic scoliosis. They are likely to continue to rely on opinion and clinical experience when making their recommendations.
Commissioners of services
Until such time that high quality evidence is made available both for the short term as well as the long term effectiveness of operative versus non-operative treatment it is important that commissioners also consider commissioning alternative non-operative interventions such as bracing and physiotherapy based scoliosis-specific exercises for smaller curves [6] . Commissioners should also consider re-introducing school screening for adolescents with scoliosis as currently in many countries due to the abolition of scoliosis school screening programs, most patients with small curves for whom non-operative management is most appropriate are being missed. Frequently the curve is diagnosed only when the child`s curve has progressed significantly and is over 45° or 50° at which point the only treatment option is surgery.
Implications for research
Clinically meaningful comparative studies or prospective studies with a control group are urgently needed to help guide clinicians in their management of adolescents with idiopathic scoliosis. Available retrospective publications suggest that such studies might be able to be conducted prospectively on a patient preference basis. However it might be very difficult to obtain ethical approval for such a study. The authors of this review are aware that due to the long-term nature of these studies significant funding may be required. Funders of studies may wish to make this important group of people a priority for future research. This review has also highlighted the urgent need for prospective studies with a control group to be conducted. A patient-preference prospective comparative study of operative intervention vs. high quality conservative treatment as available today in specialist conservative centre is urgently needed for curves over 40°. This prospective study could be based on the patients' decision for either treatment approach; after a full disclosure based on the evidence in the literature, of not only the potential gains that could be achieved with operative treatment but also to include a full disclosure of the high rate of long-term complications. Researchers should also explore the full use of biomechanical computer simulations and patient specific modelling to inform and assess any clinical management procedures. This could be made possible with the advances in technology and computer applications.
Conclusions
In conclusion further primary studies are urgently needed to evaluate the effectiveness as well as the short and long term impact of operative versus non-operative interventions on patient-centred outcomes. Their quality of life and disability, psychological issues such as back pain and disability change in trunk balance and progression of scoliosis, cosmetic issues in the mid to long term (old age) as well as the adverse effects of both types of interventions both in the short term to the mid-term (adulthood) as well in as in the long term to old age (70-80 years old). We are well aware that the design of such a prospective study with a comparative non-operative intervention would need significant planning and funding. Nevertheless we believe that a well conducted multicentre study that might include the use of a world-wide registry (many of which are already on-going) might make this possible. S32 S14 not S31 S31 MH Animals S30 S15 OR S16 OR S17 OR S18 OR S19 OR S20 OR S21 OR S22 OR S23 OR S24 OR S25 OR S26 OR S27 OR S28 OR S29 S29 volunteer* S28 prospective* S27 control* S26 retrospective S25 longitudinal S24 "observational studies" or "observational study" S23 "follow-up stud*" or "followup stud*" S22 "cohort analys*" S21 "cohort studies" or "cohort study" S20 MH Epidemiological Research+ S19 MH Prospective Studies+ S18 MH Evaluation Research+ S17 MH Comparative Studies S16 latin square S15 MH Study Design+ S14 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR S13 S13 MH Random Sample S12 random* S11 MW Drug Therapy S10 placebo* S9 MH Placebos S8 MH Placebo Effect S7 TI groups or AB groups S6 triple-blind S5 single-blind S4 double-blind S3 clinical W3 trial S2 "randomi?ed controlled trial*" S1 (MH "Clinical Trials+")
